The role of copper in inflammatory processes has recently been of interest, particularly because of the abnormally high serum copper levels"2 and synovial fluid copper levels3 found in patients with rheumatoid arthritis. Furthermore, a potentially greater anti-inflammatory activity of copper complexes of anti-inflammatory agents as compared with the agents themselves has been observed in animal models of inflammation.4 This work has been extended to show that some copper compounds of nonactive ligands have a significant antiinflammatory effect when administered either orally or subcutaneously.5
Copper ions react with biological materials, and almost all body copper is complexed in some form. Most plasma copper is accounted for by caeruloplasmin (-90 %), with smaller amounts of copper present bound to albumin and amino acids. However, the distribution of copper within the cell is less well defined. Superoxide dismutase is known to account for about 40 % of the copper in haemolysate, but the other 60 % is variously stated as being due to another protein or to small copper molecules. 6 Copper appears to play an important part as the active site of a number of key enzymes involved in oxidation-reduction processes. Caeruloplasmin has several important functions related to its oxidase Accepted 10 minutes) in a Mistral 6L centrifuge. The plasma was removed, the cells were washed with isotonic saline solution, and cell lysis was carried out by adding an equal volume of distilled water. After 2 hours' lysis at 4°C, 2 ml of haemolysate was removed and to it was added 0-8 ml of a mixture of chloroform and ethanol (3:5 v/v) at 0°C to precipitate the haemoglobin, followed by 0 3 ml of distilled water. The mixture was then centrifuged, and the resulting clear supernatant was used directly for the estimation of superoxide dismutase activity and thiol concentration. Thiol levels fall gradually with time; therefore all thiol estimations were carried out between 12 and 24 hours after sampling.
Pellicon membranes with a molecular weight cutoff of about 1000 were used for ultrafiltration.
Results
Serum copper levels were raised and serum thiol levels were reduced in this study (Table 1) , in agreement with most previous findings. Caeruloplasmin was measured in 2 different ways, and, when the oxidase activity was converted to concentration and compared with the immunoassay, there was a close correlation (r=0-805, p<0001). This correlation was reflected in both control and patient groups. Therefore the activity per molecule did not change in the disease state but the amount of caeruloplasmin present did.
There was a good correlation between serum copper and serum thiol levels in patients with rheumatoid arthritis, ( Table 2 ). The link between these 2 parameters is complex as is indicated by the results for the 5 normal persons taking oestrogenbased contraceptives, for whom a copper level in excess of that for rheumatoid patients was measured but for whom there was only a small decrease in thiol concentration (Table 1) . Total serum copper correlated well with disease indices such as articular index and ESR and to a less extent with haemoglobin and serum zinc levels. However, correlations with serum There was no significant difference in either the copper or zinc level in haemolysate between patients and controls, although the haemoglobin level dropped as expected (Table 4) . Free thiol measurements were taken after precipitation of haemoglobin and must be regarded as 'residual thiol' concentrations following probable oxidation of the nonhaemoglobin thiol during separation. They indicate a higher level for nonhaemoglobin thiol in the diseased than in the normal state. Superoxide dismutase activity (SOD) was significantly decreased.
There was no correlation between the total copper level in the cytosol and superoxide dismutase activity for either controls (Table 5) or patients (Table 6 ). For normal persons the only strong correlations noted were between the residual thiol and zinc concentrations. In the patient group the correlation between thiol concentration and superoxide dismutase activity was strong, but there was no significant correlation between thiol and zinc concentrations. Copper and zinc levels within the cell did not correlate with clinical indices, but residual thiol concentration and superoxide dismutase activity were significantly correlated with them. Superoxide dismutase activity, in particular, would appear to be an indicator of disease response (Table 6) . Discussion Although caeruloplasmin has been examined in numerous chemical and biochemical studies, considerable doubt still remains as to the copper content Previous studies of superoxide dismutase activity in rheumatoid disease have yielded apparently conflicting results, although different clinical types of inflammatory joint disease and different cell populations were studied.10 " In the present study superoxide dismutase activity in general reflects the severity of the disease as measured by articular index and ESR, whereas erythrocyte copper does not (Table 6 ). There was a significant lowering of superoxide dismutase activity, with no concomitant lowering of erythrocyte copper levels (Table 6 ). An attempt at altering superoxide dismutase levels in arthritic patients has been made by using parenteral injections of a bovine dismutase (Orgotein)23 which appears to have a short-lived anti-inflammatory effect. However, the effects of added Orgotein on intracellular superoxide dismutase activity are not known.
The correlation between haemolysate thiol concentration and superoxide dismutase activity in both patients and controls is very significant, of a comparable degree to that between caeruloplasmin concentration and activity. The residual thiol must be a result of extensive thiol oxidation on cell lysis and haemoglobin precipitation. Initially intracellular glutathione concentrations are of the order of 2 mmol I`.24 Thus the lower superoxide dismutase activity, the lower the thiol oxidation. It is possible that, superimposed on normal air oxidation of glutathione, the reduction products of oxygen react with glutathione according to the reactions set out in Fig. 1 . On the assumption that, following cell lysis, the glutathione reductase reaction is stopped because its energy arises from the membrane-based NADP+ = NADPH reaction, then the lower the superoxide dismutase activity the less peroxide produced, and hence less glutathione oxidised, that is, a higher residual thiol will be found. The reaction is likely to be more complicated than the above, but it may illustrate a type of reaction that could contribute to the results obtained.
From a clinical viewpoint the pattern of concentrations and activities of enzymes containing a large fraction of blood copper changes in a manner characteristic of the disease state. Whether it is uniquely characteristic will require further studies of other disease groups, but the results for normal females taking oestrogens indicate that a different pattern of results is possible. One common feature of these enzymes is their likely role in oxygen metabolism and in oxidation processes, and it may be that the change in copper status reflects the oxygen deficiency believed to occur in affected joints, which gives rise to an increased lactic acid production and decreased pH.25 In any event, taken in conjunction with the thiol status, these levels suggest that the serum is more oxidised (more disulphide) and the cytosol more reduced (more sulphydryl groups). Such changes would affect many aspects of enzyme release, cell life time, iron mobilisation, etc, and could account for or be a reflection of the severity of the biochemical aspect of rheumatoid arthritis. 
